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Claims 

1. A method of dry etching, which is characterized by the 
fact that a material to be etched is etched using an etching 
device, wherein a cathode and an anode are installed facing each 
other inside a cheimber, the material to be etched is supported 
onto the anode, the inner side of the above-mentioned chamber is 
covered with an insulating material, and the above-mentioned 
insulating material is mounted on the above-mentioned chamber by 
screws . 

2. The dry etching method according to Claim 1, wherein a 
dry etching device, in which at least the side of the above- 
mentioned cathode which faces the material to be etched is formed 
of silicon carbide, is used. 

3. The dry etching method according to Claim 1, wherein a 
dry etching device, in which the frequency of the high frequency 
electric power applied to the above-mentioned cathode is 
100-450 kHz, is used. 

Detailed description of the invention 
Industrial application field 

The present invention concerns a method of dry etching, and, 
more particularly, a dry etching device which is suitable for 
etching an oxide film fonned on a semiconductor substrate. 



Prior Art 



Typically, a dry etching device is used in the process of 
manufacturing semiconductors. Dry etching devices of various 
configurations are available for said application. However, in 
all cases, these dry etching devices are based on the following 
principal. Namely, an etching process is conducted by installing 
a pair of electrodes in a chamber in which a vacuiam is 
maintained, placing a semiconductor wafer, which is the material 
to be etched, on one of the electrodes, and causing ions and 
molecules generated by applying a high voltage between the two 
electrodes to collide with the surface of the semiconductor 
wafer. 

Conventional dry etching devices have been described in 
Japanese Kokai Patent Application No. Sho 57 [1982] -185982 and 
Recent Super LSI TBchnology and Manufacturing Devices in 
Electronic Materials [Denshi Sairyo] , March 1983, published by 
Industrial Survey Association [Kogyo Chosa Kai] . 

The former device is constructed using carbon (graphite) in 
the upper electrode. A structure equipped with a component of \ 
the inside of the device being formed of an insulating material 
is disclosed, but the technical concept of a structure in which 
the inner surface of a chamber is covered with an insulat;ing 
material, and that said insulating material is removable is not 
disclosed. The latter device is constructed by installing 
electrodes inside a chamber formed of a metal, such as aluminum. 
Additionally, the present applicant conducted a literature search 
and found Japanese Kokai Patent Application No. Sho 
63 [1988] -9120. Silicon carbide is described in this patent 
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application as a substance for consuming activated radicals or 
ions that etch resists. However, the technical concept of 
silicon carbide for inhibiting extraneous substances generated by 
colliding ions is not disclosed. Additionally, a structure 
maintaining the lower electrode, which holds wafers, at a 
grounded state, is also not disclosed. 

Problems to be solved by the invention 

Conventional dry etching methods, such as those described 
above, are problematic. For example, in the case of the former 
device in which carbon is used in the upper electrode, ions and 
molecules generated during etching collide with the upper 
electrode, thereby .causing carbon, which is the electrode 
material, to become sputtered. As a result, carbon particles are 
released and deposited onto the wafer as an extraneous substance. 
Specifically, the carbon used is formed by a manufacturing 
process in which a carbon raw material is mixed with a binder, 
and the resulting mixtxire is pressed and baked in an oven to form 
carbon pieces with particles of a size of several microns. As a 
result, sputtering causes the generation of particles of a large' 
size as an extraneous substance. In order to prevent the wafer 
from being damaged during etching due to this phenomenon, * a high 
voltage cannot be applied to the lower electrode (i.e., the 
electrode that carries wafers) . Instead, it becomes unavoidable 
for a high voltage to be applied to the upper electrode. 

Additionally, in the case of the latter device in which the 
entire chamber is fabricated of a metal, plasma is formed not 
only between the electrodes, but also over the entire chamber. 



In particular, the phenomenon occurs during the etching of oxide 
films. As a result, the entire inner surface of the chamber is 
coated with a polymer, which is problematic in that the chamber 
must be cleaned more often, which is undesirable from the 
standpoint of maintenance. 

The objective of the present invention is to offer a dry 
etching method with which extraneous substances can be prevented 
from being generated during etching and the frequency of cleaning 
can be reduced. 

Means to solve the problems 

In the dry etching device used in the present invention, at 
least the side of the cathode, which is typically the upper 
electrode, which faces the wafer is formed of silicon carbide 
(Sic) . 

Additionally, it is preferred that the inner side of the 
chcimber be covered with an insulating material, and that this 
insulating material is removable. 

Furthermore, if necessary, the frequency of the high 
frequency electric power applied to the upper electrode is set at 
100-450 kHz. 

Function 

Because the exposed face of the cathode electrode is formed 
of silicon carbide, sputtering of the upper electrode leads to 
the release of silicon carbide molecules, which are much finer 
than carbon molecules. As a result, these silicon carbide 



molecules are not deposited onto the wafer surface as an 
extraneous substance . 

Additionally, because the inner surface of the chamber is 
covered with an insulating material, plasma generated between the 
upper and lower electrodes does not spread over the entire 
chamber, thereby preventing the generation of a polymer and the 
adhesion thereof onto the chamber. Since the insulating material 
can be removed from the chamber, the chamber can be clean very 
easily. 

Furthermore, by using a high frequency electric power of 
100-450 kHz, which is comparatively lower than the conventional 
13.56 MHz, resisting components of the electrodes can be reduced 
and a plasma can be concentrated only between the electrodes, and 
the formation of a polymer outside of the area between the 
electrodes can be prevented more effectively. 

Application examples 

Next, the present invention is described by means of an 
application example together with figures. 

Figure 1 is a cross-sectional diagram, showing the entire 
structure of an application exaonple of the present invention. An 
upper electrode (2) , which functions as a cathode, and a lower 
electrode (3) , which functions as an anode, are installed facing 
each other inside a metal chamber (1) . The upper electrode (2) 
is attached to the above— mentioned chamber (1) by means of a 
conductive upper electrode support (4) and an insulating 
insulator (5) , and is connected to a high frequency power source 
(6) via the upper electrode support (4). Additionally, the lower 



electrode (4) is attached directly to the above-mentioned chamber 
(1) , and the chamber (1) is maintained in a grounded state. 

Furthermore, the above-mentioned upper electrode support (4) 
and the lower electrode (3) are equipped with the temperature 
regulating channels (7) and (8) respectively. A specified 
temperature can be controlled and maintained by circulating a 
temperature regulating fluid through these temperature regulating 
channels (7) and (8) • 

Accordingly, a wafer (W) is placed on the above-mentioned 
lower electrode (3) and is held on the lower electrode (3-) by a 
clamp (9) . The above-mentioned upper electrode support (4) is 
equipped with a gas feeding route (10) , and several kinds of 
processing gases, whose flow rate can be regulated by means of a 
mass flow controller (11) , can be introduced into the chamber (1) 
via the gas feeding route (10) and the gas channels formed in the 
upper electrode (2) , upon opening the gas valve (12) . Moreover, 
concurrently, a specified degree of vacuum is maintained in the 
chamber (1) by means of discharging gases from the gas outlet 
(13) . 

Additionally, the perimeter of the above-mentioned lower 
electrode (3) is equipped with a lower shield (14) , the side wall 
of the chamber (1) is equipped with a chamber shield (15) , and 
the perimeter of the upper electrode (2) and the above-mentioned 
insulator (5) are each equipped with a upper shield (16) , so that 
the inner side of the chamber (1) is covered with the lower 
shield (14) , chamber shield (15) and upper shield (16) . These 
shields (14) , (15) and (16) are formed of an insulating material, 
such as alumite-treated aluminum, aluminum coated with a plasma- 
melted alumina, Teflon (registered trademark) and ceramics, and 
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are fastened appropriately with pins, screws and the like. 
Accordingly, these shields can be easily mounted and removed from 
the chamber (1) . 

As shown in Figure 2(a), the entire upper electrode (2) is 
made of carbon (2a) , and only the lower surface [of the upper 
electrode (2)] (i.e., the surface facing the above-mentioned 
wafer (W) ) is siliconized, thereby forming a structure in which a 
silicon carbide film (2b) is formed on the lower surface [of the 
upper electrode (2)]. Consequently, multiple gas inlets (17) are 
formed in the upper electrode (2) by a mechanical means, :SO that 
the above-mentioned gas feeding route (10) can be connected to 
the inside of the chamber (1) • 

Furthermore, as shown in Figure 2(b), the above-mentioned 
upper electrode (2) can also be constructed by coating the upper 
electrode support (3) side of a silicon carbide matrix (2c) with 
only a metal film (2d) . According to this structxire, the silicon 
carbide matrix (2c) is a porous material, which can therefore 
connect the gas feeding route (10) with the inside of the chamber 
(1) , without having to form gas inlets by a mechanical means. 

Furthermore, the above-mentioned high frequency power soxirce 
impresses low frequency electric power of 100-450 kHz onto the 
upper electrode (2) • 

According to the structure, since the surface opposite to 
the wafer (W) of the upper electrode is formed by silicon 
carbides (2b) (2c), if ions, molecules, etc., excited by plasma 
generated between the upper and lower electrodes (2) and (3) 
collide with the upper electrode (2) and sputter [the electrode], 
extraneous substances do not fall on the wafer (W) . 



Namely, the structure of silicon carbide is different from 
the sinter structure of conventional carbon materials. Namely, 
silicon carbide has a crystalline structure formed from combining 
carbon and silicon. Accordingly, this material is dispersed in 
the form of molecular units even when subjected to sputtering. 
Thus, the sputtered material is extremely minute in comparison 
with conventional particles, and is not deposited onto the 
surface of the wafer (W) as an extraneous substance. 

Also, since the inner surface of the chamber (1) is covered 
with the insulating lower shield (14) , chamber shield (15^ and 
upper shield (16) , the plasma can be concentrated between the 
upper electrode (2) and lower electrode (3), and polymer 
deposition onto the chamber (1) and the side walls of the lower 
electrode (3) can be inhibited. 

Moreover, for example, even if a polymer is formed on the 
lower shield (14), chamber shield (15) and upper shield (16), 
these shields can be removed within a short period of time (i.e., 
these shields are fastened to the chamber (1) with pins or \ 
screws) , and cleaning of these shields can be conducted outside 
of the chamber (1) . Accordingly, the frequency of cleaning the 
chsonber (1) can be reduced, and shortening the cleaning time can 
be realized. 

Furthermore, since a frequency of 100-450 kHz is used in the 
high frequency power source (6) , resisting components in the 
electrodes (2) and (3) are reduced, plasma can be focused more, 
deposition of a polymer onto the shields and the like can be 
further inhibited, and the cleaning frequency can be reduced 
further. 
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Effects of the invention 

As described above, according to the present invention, the 
side of the cathode, which is typically the upper electrode, 
which faces the wafer is formed of silicon carbide. 
Consequently, sputtering of the upper electrode leads to the 
release of silicon carbide molecules, which are much finer than 
carbon molecules. As a result, these silicon carbide molecules 
are not deposited onto the wafer surface as an extraneous 
substance. 

Additionally, because the inner surface of the chamber is 
covered with a removable insulating material, plasma generated 
between the upper and lower electrodes does not spread over the 
entire chamber, thereby preventing the generation of a polymer 
and the adhesion thereof onto the chamber. Since the insulating 
material can be removed from the chamber, the chamber can be 
cleaned very easily. 

Furthermore, by applying a high frequency electric power of 
100-450 kHz to the upper electrode, resisting components of the 
electrodes can be reduced and a plasma can be concentrated only - 
between the electrodes, and the formation of a polymer outside of 
the area between the electrodes can be prevented more 
effectively. 

Brief description of the figures 

Figure 1 is a cross-sectional diagram, showing the entire 
structure of a practical example of the present invention. 
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Figures 2(a) and (b) are magnified cross-sectional diagrams, each 
showing ^a diff e rent upper _ e] ectrode . 

(1): Chamber; (2): Upper electrode (cathode); (2a): Carbon; (2b): 
Silicon carbide film; (2c) : Silicon carbide; (2d) : Metal film; 
(3): Lower electrode (anode); (4): Upper electrode support; (5): 
Insulator; (6) : High frequency power source; (7) and (8) : 
Temperature regulating channel; (9): Clamp; (10): Gas feeding 
route, (11) : Mass flow controller; (12) : Gas valve; (13) : Gas 
outlet; (14): Lower shield; (15): Chamber shield; (16): Upper 
shield; (17): Gas inlet. 
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Figure 1 

(1) Chamber; (2) Upper electrode; 



Figure 2 



(3) Lower electrode; (6) High 
frequency power source; (10) Gas feeding route; (11) Mass flow 
controller; (14) Lower shield; (15) Chamber shield; (16) Upper 
shield; (W) Wafer; (2a) Carbon; (2b) Silicon carbide; (2c) 
Silicon carbide; (2d) Metal film 
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